Journal of Evaluation in Clinical Practice 

I nternat i onaUourna l of Public Health Policy and Health Services Research 

Journal of Evaluation in Clinical Practice ISSN 1365-2753 




Use of a clinical decision support system to increase 
osteoporosis screening 

Ramona S. DeJesus MD, 1 Kurt B. Angstman MD, 3 Rebecca Kesman MD, 2 Robert J. Stroebel MD, 1 
Matthew E. Bernard MD, 3 Sidna M. Scheitel MD MPH, 1 Vicki L. Hunt MD, 2 Ahmed S. Rahman BS 4 and 
Rajeev Chaudhry MBBS MPH 1 

'Assistant Professor, instructor, Division of Primary Care Internal Medicine, 3 Assistant Professor, Department of Family Medicine, ^Senior 
Information Research Analyst, Center for Innovation, Mayo Clinic, Rochester, Minnesota, USA 



Keywords 

clinical decision support system, delivery of 
health care, mass screening, osteoporosis, 
technology 

Correspondence 

Dr Ramona S. DeJesus 

Division of Primary Care Internal Medicine 

Mayo Clinic 

200 First St. S.W. 

Rochester, MN 55905 

USA 

E-mail: dejesus.ramona@mayo.edu 

Re-use of this article is permitted in 
accordance with the Terms and Conditions 
set out at http://wileyonlinelibrary.com/ 
onlineopen#OnlineOpen_Terms 

Accepted for publication: 28 June 2010 

doi:1 0.1 111/j. 1365-2753.201 0.01 528.x 



Abstract 

Background In 2002, the US Preventive Services Task Force recommended routine 
osteoporosis screening for women aged 65 years or older. However, studies have indicated 
that osteoporosis remains underdiagnosed, and various methods such as the use of health 
information technology have been tried to increase screening rates. We investigated 
whether we could boost the low rates of bone mineral density testing with implementation 
of a point-of-care clinical decision support system in our primary care practice. 
Methods We retrospectively reviewed the medical records of female patients eligible for 
osteoporosis screening who had no prior bone mineral density test who were seen at our 
primary care practice sites in 2007 or 2008 (before and after implementation of a point- 
of-care clinical decision support system). 

Results Overall, screening rates were 80.1% in 2007 and 84.1% in 2008 (P < 0.001). Of 
patients who did not have osteoporosis screening before the visit, 5.87% completed the 
screening after the visit in 2007, compared with 9.79% in 2008 (when the clinical support 
system was implemented), a 66.7% improvement (P = 0.025). 

Conclusion Clinical decision support for primary care doctors significantly improved 
osteoporosis screening rates among eligible women. Carefully designed clinical decision 
support systems can optimize care delivery, ensuring that important preventive services 
such as osteoporosis screening for patients at risk for fracture are performed while unnec- 
essary testing is avoided. 



Introduction 

Despite national osteoporosis screening guidelines recommend- 
ing routine screening for women aged 65 years or older [1-3], 
studies have identified rates of screening in primary care settings 
as low as 12% [4]. Studies of the efficacy of different inter- 
ventions to screen more eligible women has led to mounting 
evidence that health information technology (HIT) improves 
adherence to osteoporosis screening guidelines [5]. However, 
doctors have been reluctant adopters of HIT because of the 
expense and time required to change their office systems or 
because they are not convinced of the benefits of doing so [6]. As 
a result, the health care industry lags behind other sectors in IT 
investment [7]. This means that applications that may narrow 
gaps in care (e.g. clinical decision support systems that prompt 
doctors to discuss preventive services with patients) are not being 
fully deployed. 



Osteoporosis, a common condition that affects about eight 
million women and two million men in the USA, is characterized 
by low bone mass and structural deterioration of bone tissue, 
leading to increased bone fragility. It poses an increased risk of 
fracture for people older than 50 years and, if left untreated, its 
debilitating consequences constitute a substantial national eco- 
nomic burden [1,8]. Experts predict that total medical costs from 
fractures will rise by almost 50%, to $25.3 billion, in 2025 (from 
$19 billion in 2005) [1,9]. To address this growing threat, the 2002 
US Preventive Services Task Force, the National Osteoporosis 
Foundation and, most recently, the American College of Preven- 
tive Medicine, recommended routine screening for osteoporosis 
for all women aged 65 years or older [1-3]. Screening should 
begin earlier in postmenopausal women with risk factors for 
osteoporosis [1,3]. To date, mineral bone density measured by 
dual-energy X-ray absorptiometry (DEXA) is the best predictor 
for fracture [1,2,10]. 
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However, despite these recommendations, the osteoporosis 
screening rate remains low. One 2002 study found that only 
12-34% of women at high risk for fracture in a managed care 
network were screened for osteoporosis [4]. Another study 
reported that just 45 % of 63 1 1 at-risk patients seen by 1 60 doctors 
in 10 primary care sites had a prior bone mineral density test [11]. 
The mean rate of screening in one primary care group practice was 
56% [12]. Less than 50% of 1200 adults aged 60 years or older 
surveyed in the north-eastern USA said that their doctor recom- 
mended osteoporosis screening [13]. 

Time constraints are a major limiting factor in primary care 
doctors' ability to deliver preventive services [14]. Clinical deci- 
sion support technology increases efficiency and the likelihood 
that patients will get the care they need. Such information systems 
help identify and screen patients who are due for preventive ser- 
vices, independent of direct doctor contact. A review of random- 
ized controlled trials of the use of computerized prompts for the 
provider at the point of care found an increased rate of bone 
mineral density testing [15]. 

In a prior study at Mayo Clinic Rochester, a population-based 
information system improved the rate of mammography screening 
[16]. A subsequent study from the same institution showed signifi- 
cant improvement in osteoporosis screening with the use of a 
medical record-based information system. In that study, women 
eligible for osteoporosis screening were identified and classified 
into either an intervention group that was sent letters requesting 
them to make an appointment for a DEXA scan or to a control group 
[17]. Although limited by the small number of patients who under- 
went initial osteoporosis screening, the study still showed very 
encouraging results, as 25% of the intervention group completed 
screening in response to one letter inviting them to the screening. 
Another recently completed study using a clinical decision support 
system showed improved delivery of Abdominal Aortic Aneurysm 
screening (R. Chaudhry etal., unpublished observation). In this 
study, we looked at improving the osteoporosis screening rate 
of eligible female patients seen at the Primary Care Internal Medi- 
cine and Family Medicine clinics through implementation of a 
point-of-care clinical decision support system in January 2008. 

Methods 

Mayo Clinic's Employee and Community Health practice pro- 
vides primary care to 140 000 patients in Primary Care Internal 
Medicine, Family Medicine and Community Pediatrics. The 
Employee and Community Health practice sites in the Rochester 
area are staffed by 45 internists and 40 family doctors. 

The Generic Disease Management Systems (GDMS) software 
is a Web-based application developed by VitalHealth, a joint 
venture between Mayo Clinic and Netherlands-based Noaber 



Foundation. Details of its features were reported in a previous 
study (R. Chaudhry etal., unpublished observation). The GDMS 
includes a rules-based application coded with national guidelines 
for age- and sex-specific preventive services and process and 
outcome measures for diabetes and coronary artery disease. On the 
basis of the data from Web services, the rules provide point-of-care 
decision support regarding the services that the patient needs at the 
time of their visit and in the next 90 days. It also automatically 
checks for a prior bone density test. 

The GDMS was developed and successfully pilot tested in 
December 2007, and the system was made available to all practice 
sites of the Employee and Community Health practice for adults in 
January 2008. With the new workflow, when a patient visits a site 
for any reason (e.g. acute condition, chronic disease, annual 
examination), a paper copy of the GDMS summary screen is 
printed by check-in staff and is included in the rooming packet for 
the allied health staff. Women who meet initial osteoporosis 
screening criteria (65 years or older) can then have the order 
placed (per protocol) for DEXA by the rooming personnel. The 
order is then activated by the provider after discussion with the 
patient. 

An independent data abstractor reviewed all the records of 
female patients aged 65 years or older who were seen in three 
Employee and Community Health practice sites in 2007 and 2008 
and who had no prior bone density test. The completion rate of 
initial osteoporosis screening from January to December 2007 was 
compared with the rate from January to December 2008 (1 year 
after the GDMS implementation). A subanalysis of osteoporosis 
screening completion within 30 days from the clinic visit was done 
for the first 4 months of 2007 and 2008. This was undertaken to 
evaluate the efficiency of the new workflow and the point-of-care 
clinical decision support tool in facilitating screening completion. 
Chi-squared test was used to determine differences in outcome 
and a two-tailed P-value of <0.05 was considered statistically 
significant. 

Results 

In 2007, 7263 women were eligible for osteoporosis screening. Of 
these women, 5817 (80.1%) completed an initial screening test by 
the end of the year. After implementation of the point-of-care 
clinical decision support tool in 2008, 6234 (84.1%) of the 7411 
eligible women completed osteoporosis screening by the end of 
the year (see Table 1; % 2 = 40.254; P < 0.001). 

Subanalysis of data abstracted on osteoporosis screening among 
Family Medicine practice sites during the first 4 months of the 
GDMS implementation in 2008 was done (see Table 2); the result- 
ing data were compared with data from the first 4 months in 2007. 
Of the 2212 eligible women seen at those sites from January to 



Table 1 Women obtaining osteoporosis screening before and after clinical decision support tool implementation 





2007 (before clinical decision 


2008 (after clinical decision 




support tool implementation) 


support tool implementation) 


Number of women eligible for screening 


7263 


7411 


Number of women screened 


5817 


6234 


Percentage of eligible women screened 


80.1% 


84.1% 



90 



© 2010 Blackwell Publishing Ltd 



R.S. DeJesus etal. Osteoporosis screening clinical decision support 

Table 2 Subanalysis of osteoporosis screening data among Family Medicine practice sites during first 4 months of implementation 



2007 (January-April) 2008 (January-April) 

Number of women eligible for screening 2212 2418 

Number of women with no baseline screening 545 490 

Number of women screened 32* 48 f 

Percentage of eligible women screened 5.87% 9.79% 

•During 2007. 

Within 30 days of clinic visit. 



April 2007, 545 had no baseline osteoporosis screening; only 32 
(5.87%) screenings were completed after a clinic visit that year. 
During the first 4 months of GDMS implementation in 2008, 490 
of the 2418 eligible women seen in were identified by the GDMS 
as requiring baseline osteoporosis screening. Of these women, 48 
(9.79%) completed screening within 30 days after the visit 
(P = 0.025). 

Discussion 

In our study, the overall osteoporosis screening rate among all 
eligible female patients grew roughly 4% 1 year after initiation of 
a point-of-care clinical decision support tool (i.e. the GDMS) in 
primary care. The tool's utilization in face-to-face encounters led 
to increased completion of screening after a clinic visit by identi- 
fying eligible patients and alerting their providers, who then 
engaged patients in the discussion. This was clearly shown by the 
66.7% improvement for the eligible patients compared with the 
same time period in 2007, when we did not have the decision 
support tool (P = 0.025). However, not all patients who were iden- 
tified by the decision support to be eligible for screening received 
it, which highlights the importance of having processes in place to 
support the decision support for the services that are due. Primary 
care doctors have many tasks to perform during a 15- to 20-minute 
visit; having allied health staff take on the responsibility for 
helping the doctors deliver the necessary services can lead to better 
results [18]. 

Improvement of health care value relies on payment reform that 
pays for value rather than volume of services. Decision support 
tools that help improve quality are essential. Without these tools, 
health care providers would need to determine the need for screen- 
ing through a manual process, which is time-consuming and unre- 
liable. Also, identifying women in need of treatment through 
screening can markedly reduce fractures, improve quality life and 
contain overall health care costs on an individual and national 
basis [19,20]. 

Our study has several strengths, including its large sample size 
and completeness in identifying women for screening with the 
GDMS. We showed significant improvement in osteoporosis 
screening completion among a study population of community- 
dwelling women seen in a primary care practice, an area that is 
most affected by performance measures on preventive health 
screening and chronic disease management. The use of point-of- 
care clinical decision support tools like the GDMS can help 
increase primary care providers' efficiency of time allocation, 
enable them to engage patients in their care and lead to improved 
outcomes and higher career satisfaction by decompressing taxed 



practices [5,21]. Our results cannot be generalized to all minority 
groups, because most of the women in our study are White. 
However, osteoporosis is most prevalent in White and Asian 
women [1]. 

In conclusion, we observed an improved baseline osteoporosis 
screening rate among eligible female patients in our primary care 
practice using the GDMS point-of-care clinical decision support 
tool. Early identification of at-risk patients allows the institution of 
non-pharmacologic and pharmacologic measures that can help 
prevent devastating and potentially life-threatening fractures. This 
is an important step towards achieving better health outcomes and 
may serve as a model for future public health initiatives. 

We may be able to expand the reach of our osteoporosis screen- 
ing programme even more by developing a deeper understanding 
of workflow, information flow, barriers to use and provider needs 
in our primary care clinics [22]. Such knowledge could help us 
optimize use of the clinical decision support tool to ensure that 
patients get the care they need when they need it. 

Conflict of interest 

Dr Chaudhry is employee of Mayo Clinic and the inventor of 
GDMS referenced in this publication. Mayo Clinic has licensed 
this technology to a commercial entity (VitalHealth Software) but 
to date, has received no royalties. Dr Chaudhry receives no royal- 
ties from the licensing of this technology. 

References 

1. National Osteoporosis Foundation. Clinician's Guide to Prevention 
and Treatment of Osteoporosis. Washington, DC: National Osteoporo- 
sis Foundation. Available at: http://www.nof.org/professionals/NOF_ 
Clinicians_Guide.pdf (last accessed 28 July 2010). 

2. US Preventive Services Task Force (2002) Screening for osteoporosis 
in postmenopausal women: recommendations and rationale. Annals of 
Internal Medicine, 137 (6), 526-528. 

3. Lim, L. S., Hoeksema, L. J. & Sherin, K. (2009) Screening for 
osteoporosis in the adult U.S. population: ACPM position statement 
on preventive practice. American Journal of Preventive Medicine, 36 
(4), 366-375. 

4. Gallagher, T. C, Geling, O. & Comite, F. (2002) Missed opportunities 
for prevention of osteoporotic fracture. Archives of Internal Medicine, 
162 (4), 450-456. 

5. Davis, K., Doty, M. M., Shea, K. & Stremikis, K. (2009) Health 
information technology and physician perceptions of quality of care 
and satisfaction. Health Policy, 90 (2-3), 239-246. 

6. Miller, R. H., West, C, Brown, T. M., Sim, I. & Ganchoff, C. (2005) 
The value of electronic health records in solo or small group practices. 
Health Affairs (Project Hope), 24 (5), 1127-1137. 



© 2010 Blackwell Publishing Ltd 



91 



Osteoporosis screening clinical decision support 



R.S. DeJesus era/. 



7. Middleton, B. (2005) Achieving U.S. Health information technology 
adoption: the need for a third hand. Health Affairs (Project Hope), 24 
(5), 1269-1272. 

8. US Department of Health and Human Services. (2004) Bone Health 
and Osteoporosis: A Report of the Surgeon General. Rockville, MD: 
US Dept of Health and Human Services, Public Health Service, Office 
of the Surgeon General. 

9. Burge, R., Dawson-Hughes, B., Solomon, D. H, Wong, J. B., 
King, A. & Tosteson, A. (2007) Incidence and economic burden 
of osteoporosis-related fractures in the United States, 2005-2025. 
Journal of Bone and Mineral Research, 22 (3), 465^175. 

10. Burger, H, de Laet, C. E., Weel, A. E., Hofman, A. & Pols & H. A. 
(1999) Added value of bone mineral density in hip fracture risk scores. 
Bone, 25 (3), 369-374. 

11. Solomon, D. H, Brookhart, M. A., Gandhi, T. K., Karson, A., 
Gharib, S., Orav, E. J., Shaykevich, S., Licari, A., Cabral, D. & 
Bates, D. W. (2004) Adherence with osteoporosis practice guidelines: 
a multilevel analysis of patient, physician, and practice setting char- 
acteristics. The American Journal of Medicine, 117 (12), 919-924. 

12. Cohen, K. & Maier, D. (2008) Osteoporosis: evaluation of screening 
patterns in a primary-care group practice. Journal of Clinical Densi- 
tometry, 11 (4), 498-502. 

13. Nayak, S., Roberts, M. S. & Greenspan, S. L. (2009) Factors associ- 
ated with osteoporosis screening and recommendations for osteoporo- 
sis screening in older adults. Journal of General Internal Medicine, 24 
(5), 585-591. 

14. Yarnall, K. S., Pollak, K. I., Ostbye, T., Krause, K. M. & Michener, 
J. L. (2003) Primary care: is there enough time for prevention? 
American Journal of Public Health, 93 (4), 635-641. 

15. Kastner, M. & Straus, S. E. (2008) Clinical decision support tools for 
osteoporosis disease management: a systematic review of randomized 
controlled trials. Journal of General Internal Medicine, 23 (12), 2095- 
2105. 



16. Chaudhry, R., Scheitel, S. M, McMurtry, E. K., Leutink, D. J., 
Cabanela, R. L., Naessens, J. M., Rahman, A. S., Davis, L. A. & 
Stroebel, R. J. (2007) Web-based proactive system to improve breast 
cancer screening: a randomized controlled trial. Archives of Internal 
Medicine, 167 (6), 606-611. 

17. Kesman, R., Rahman, A., Lin, E., Barnitt, E. A. & Chaudhry, R. 
(2010) Population informatics-based system to improve osteoporosis 
screening in women in a primary care practice. Journal of the Ameri- 
can Medical Informatics Association, 17 (2), 212-216. 

18. Yarnall, K. S., Ostbye, T., Krause, K. M., Pollak, K. I., 
Gradison, M. & Michener, J. L. (2009) Family physicians as team 
leaders: 'time' to share the care. Preventing Chronic Disease, 6 (2), 
A59. 

19. Schousboe, J. T., Ensrud, K. E., Nyman, J. A. & Melton, L. J. (2005) 
Universal bone densitometry screening combined with alendronate 
therapy for those diagnosed with osteoporosis is highly cost-effective 
for elderly women. Journal of the American Geriatrics Society, 53 
(10), 1697-1704. 

20. Tosteson, A. N., Melton, L. J. 3rd, Dawson-Hughes, B., Baim, S., 
Favus, M. J., Khosla, S., Lindsay, R. L.; National Osteoporosis Foun- 
dation Guide Committee (2008) Cost-effective osteoporosis treatment 
thresholds: the United States perspective. Osteoporosis International, 
19 (4), 437^447. 

21. Gibbons, M. C, Wilson, R. F, Samal, L., etal. Impact of Consumer 
Health Informatics Applications. Evidence Report/Technology 
Assessment No. 188. (Prepared by Johns Hopkins University 
Evidence-based Practice Center under Contract No. HHSA 290-2007- 
10061-1). AHRQ Publication No. 09(10)-E019. Rockville, MD: 
Agency for Healthcare Research and Quality. October 2009. 

22. Unertl, K. M., Weinger, M. B., Johnson, K. B. & Lorenzi, N. M. 
(2009) Describing and modeling workflow and information flow in 
chronic disease care. Journal of the American Medical Informatics 
Association, 16 (6), 826-836. 



92 



© 2010 Blackwell Publishing Ltd 



